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INSTALIATION FOR THE EDO XOSB~1 ATIRPLANE

IT - AZRODYNANMICS

By Mark R. Yichols &nd John &. Dennard
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SUMMARY

An investligation has been conducted in the Langley
propeller~research tunnel to determine the cowling and
cooling regulrements of the Ranger v-77C-8 engine instal-
lation for the Edo XO0SE-1 alrplane. The present renort
summarizes the serodynamic deta obtained in this tecsting.

Txtensive model chianges including 2lternate baffles,
exhaust stacks, cooling-alr exlts, and cll-ccoler ducts
were tested in attempts to increese tihe cooling cepeaclty
of the cowling and to reduce the drag. Final cowl con-
figurations posscssed sufficient engine and oil-coocler
preasure drops in the critical normal-powsr climb condi-
tion to cool the cylinders snd the oll below the specified
temperature limits with any of the three baffle configura-
tions tested. Drag clesn-up testis tndicated minor chanZes
which will result at sea level in epproximate increa2ses
of 5 miles per hour in high speed, 34 feet per minute 1n
rate of climb, and 7 percent in mseximum range. The indi-
ceted critlicsl ¥ach number of the cowling was found to
be 0.70 as determined by the pressures on the lower 1ip
of the inlet.

Pressure data are presented for wide ranges of exit
area, sngle of attack, and thrust Adisk-loadlng coefficient.
Sample epplications of the data to the estimetion of the
required exit area are shown.



2 MR No. L5I12b
INTRODUCTION

at the request of the Bureau of aeronautics, Navy
Department, an Investigatlion of the aerodynamic and
cooling characteristics of the Ranger V-770-8 engine
Installation for the Edo X0SE-1 airplane has been con-
ducted in the Langley propeller-research tunnel, The
objects of the Investigation were (1) to determine the
cooling characteristics andg requirements of the engine,
(2) to determine the aerodyaamlic characteristics of the
cowling, and (3) to develop & cowling with adequate
cooling-pressure drop and low drag. The present report,
part II, summarlizes air flow, pressure, and force data
obtained in tests of a number of model conflgurations;
part I, reference 1, presents corresponding temperature
data and engine cooling correlations,

The “uo X0SE-1 alrplane 1s a single-engine scout-
observetion seaplane with a normal gross welght of
5200 pounds, a wing ares of 233 squarc feet, and a wing
span ¢f 33 feet. As estimated by the manufacturer, the
high speed of thls airplane at sea level wlth militery
powsr is 192 miles per hour snd the rate of climb at
this altitude and power is 11:60 feet per minute at a
climbing speed of 108 miles per hour. Because of these
low flight speeds, special emphasis has bsen dirccted
towerd the reduction of the vresaure drops required to
cool and increasing the pressure drops svallable.

fia

-

The wind-tunrnel investigetion included propeller-
removed and propeller-operating measurements to determire
drag ard cooling-air-flow cheracteristics. Changes to
the original configuration included alternate baffles,
exhaust stacks, coollng-alr exits, and modifications to
the oil-ceoler ducts. For the wmore nromising configura-
tions, extensive pressure surveys were mads in the
internal flow and on the external cowl surface over wlids
ranges of cooling-exit area, angls of attack, and thrust
disk=loading coefficient.

[4/]

The flow-resistance characteristics of the engine,
the oil cooler, the cowl leakage area, the generator,
and the generator blast tube were determined from ground- .
stand calibration tests.
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SYMBOLS

ad of sound, feet per second

Lae
sross-sectional area of duct, square feet

a sp
A
P s s A Drag
Cr, drag crafficient, ——
increment of drag coefficlent
Internal drag

[‘
A“D
Loefficient of internal drag,

C
Dy
D propeller diareter, 9 feet
g acceleration due to gravity, %2.2 fest per second
per second
H total pressure, vounds per sgquare foot or 1inches
of water
AH inorement of total pressure, inches of water
M, critical Mach number, V,./a
n rotational spesd, revoluticus per second
o} static pressure, pounds per Sguare foot or inchses
of water
AP, cooling-air pressure 4rop ACros3s cll cooslsr
(T7 - bp), pounds per square foot or inches of
water
AP, cooling-ailr pressure drop across individual engine
oylinder (Hf - pp), pounds per squere foot or
inches of water

dynamic pressure, pounds per square foot

volume rate of flow, cubic feet per minute

q
2
S wing area, 2386 square fect

sffective thrust, pounds

]
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Double subscripts ind
above a symbol 1s used to
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. T
thrust dlsk-loading zoefficlent, -———
Folo

veloslity, feet per second

Kl

fres-strcan velocity at which local surface veloclty
ches speed of sound, Teet per sscond

'

welght rate of flow, pounds per hour or per mlinute
angle of atteck of thrust axis, degrees
propelléf'blade angle a2t 0.75 radlus, degrees
cooling-air flop arngle from flush position, degrees
design engle of propeller tlade element, degrees
mass density of &ir, slugs per cublc foot

relative dansity of air, p/0.002278

D

seripts:

st front of cylinder bsrrels
0il cooler
engine

at front face of oll coolar or betwsen fins of
c7lindsy heads

a2t ecowl inlet

st inlet of cll-cooler duct

in free stream

at rear of oll cooler or engine
at cocling-air exit

icate that both apply. A bar
dencte asn arithmstic average,
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MODEL, POWER-PLANT INSTALLATION
? ? t
A¥D INSTRUMTNTATION

The model consisted of a complete power-plant
Installation mounted on a mock-up of the forwesrd part
of the airplane. 4 15.21-foot stub wing was fitted to
the mock-up; the tall surfaces and floats were not
Installed. The general errangement and principal dimen-
sions cof the model are presented in figure 1; general
views of the model are shown in figure 2. The various
model configurations are identifiecd and assigned symbols
In table I. (As recelved, the model was in the configura-
tlon designated I=a,) Significant duct areas arec listed
In tsble TIT.

The Ranger V-770-8 engine (fig. 3) is a 12-cylinder
Inverted-V-type alr-cooled engine with 2 propeller gear
ratio of 3:2. Tt has a normal power rating of 500 horse-
power at 3150 rpm from sea level to 2000 feet ond a
mllitary rating of 550 horsepower at 3%00 rom from sea
level to ;500 feet. ~The propecller used for thess tests, a
twe-blade, 9-foot-diameter, constant-speed, Hamilton -
Standard propeller (blade number 61C1A-12), 1s describad
in figure l.

Sketches and photogrephs of the baffles tested on
the engine are vresented as figures 5 and 6, resnectively.
The conventional baffles were installed on the outboard
side of the barrels. The turbulsnt-flow baffles were
Installed on both sides of the neads and barrels and had
several turbulence strips extending frow the baffle shell
to the cylinder fins. The NACA designed baffles, installed
on the barrels only, fitted tightly 2gainst the barrel
fins over an arc of about BOOO and had inlets alined with
the flow and diffuser-tsil exits designed to reduce pres-
sure losses at the baffle exit. 4 more complete discrip-
tion of the baffles is contalned in reference 1.

Exhaust-stack detalls are shown in figures 7
through 10, The stacks were msnifolded in groupa of
three except for the mocked-up individuel stacks of con-
flguration IVe. All stacks except those used in con-
figurations IVb, TVd, and IVe were equipned with shrouds
intended to reduce heating of the engine and oil-cooler
alr. Shroud cooling was effected by coocling air which
entered at the top of the shrouds and exhausted at the
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the cowl. (See © Q. ) Jﬂ,ernal configura-
‘bles for the manifolded stacks ino luded

o) and "nhorizontel” shtail-type flame dampers,
stacks, and flush stecks, The mock-up individual

were equivned with ho rizontal 14 s%taWL flame

5. The flame dampers werce nolt uecc € stensively in
ower-on testing becausz of rsourring structursal

(fig. 12).
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411 cooling and charge air was

~shaned main inlet. 0il-cooling
w‘xen from the back of the inlet

the left cam cover and betwe the

exnaust stacks, re! tively. The engine cooling air
was exhaustsd from thﬁ cylinder exits into the eXLt and
accessory compartment which ,?tﬂnﬁed from the spinner
bulkhead to *the firewall and was open to the rear of
both banks of cylinders.
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o1l cocoler, designsted 17-2L071%, was installed 1n th
model. (See fig. 11. Yy Tt had 0.21-inch-diamcter tubes,
a face area of Th square 1n,uos, and a core deptiy of

9 inches. Cnnlezrﬂtlonc of the oll=-cooler d1 >t are
shown in filgure 12. Iustallation variables Includ

exit ducts, exit Qlaps and gulde vanos. (Spe qg. 13,)

A spectally bullt Unlted pircraft Products slliptiecal
he

]

A phiotogreph of the carburator duct is prssanted
as figure lu; inmstallation details are shown in Tigure C(b).
The hot-alip door in the bottom of the duct closed off the
passege to the pressure box Wien opened srd caused all
tﬁe carburetor sir to be taksi: from the accesscry com=
partment.

Cooling-alr exit det gils ars thNw in figures
throuvgh 17. A flow-directing vene wes used in tine
cooler-exlt duct of configuration Ic; tvo vanes were
used in esch of tae Pﬂwjne-uOOlng- 1ir exits of all con-
fizurstions except IVe; &n NACA designod fairing strip

(Pig. 17) was installed in the accessory “CADafiﬂbnt
exit of configurations Ia and Ib. Cooliing-air shutter
and flsp dimenclons were &as follows:
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Cooling- Tyve of exit Helght Lengﬁh
gir duct control (in.) (in.)
Engine Shutter 17.56 .40
Engline Flap 17.75 11.50
0il . 5 a -
cooler Shutter 12.87 L.25
0il - Z 7 z 0
coolar Tlap 13.31 y 50U

Variations of the cooling-alr exit aroa with shubter or
flap opening ars ghown in figure 1c.

A 1%—inch~diameter blast tube (fig. S(b)) was used

to suprly cooling &air to the generator located at the

top of the englne. Configurations were tested in which

the inlet was lozated at the top of ths cowl 1inlet (fig 19),
at the rear wall of the pressure box hensatlr the right

cam cover (fig., 3(b)), at the rear wall of ths pressure

hox above the carburetor dust, and in the oll-coonler

inlet duct just upstream of the oil cooler (fig. 1%).

From 3 to 5 feet of tublng and 2 number of hends were
required in each of the above configurations.

The engine pansl incornorsted remote indicatling
instruments and an electric actuator svystem for operating
the engine controls and flaps. Forces were read on the six-
component wind-tunnel balsnce system. Pressuras were
measured by the total and static tubss 1temized in
table TV. Kethods snd instrumentutlon for obtesining
temperatures snd other engins overcting daets are dls-
cussed in reference 1. '

SROUND-STAND CALIDBRATTOLS

Ground-stand flow-resistance calibratlions of several
components of the installstion were made &5 a preliminary
to the analysls of the wind-tunnsl test results. Experl-
mental setups are shown in figures 20 and 21. Specizal
instrunentation consisted of the calibrated venturi in
the former setup and the calibrated contrsction cone
and grid of total pressure tubes st both ends of the
blast tube of the latter setun.
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rerovad conl ng-air-flow calibrations of the three engine-
vaffle combi xat‘ons are vresented in {fgure 22; corre-
spording cormperisons of the average prascurs drons zeroas
the 1aft end right banks are shown in figure 55 Effcc-

@}

‘Engine-baffle combinations and oll conler.- Propeller-
i

tive orifice areas, ——2—— (sxpressed 1in foot-nound-

'O
”U
[O]

second units), were abou 0.75, 0.68, spd 0.7% square
foet far the conventional, turbulent-ilow, and dirfuser~
haffle installations, respectively., The latter valuse

l1s for en installation with diffiser haffles on all
cvlinders.,

A orepeller-removed cooling-alr-[low calibraticn of
e oil cooler i3z presented as figure 2. The effective
rifice area and the pressure~drop coefficient
\

et

t

Q

/ i 1 . . B ¥4 T oy -

K—“) for the cooler were spproxirmately 0.2 sguare foot
/

o

i 2

_irs0, respnectively,

i emphasized that the above -alibrations are
21d conditlon only; the pressure drop must be

e ed for cooling-alr-denslty changes

SSipation and altitude bzafore beinz plizd to nower-

scesgary corrections sre discussed

@xtenslveVV in renses 2 through lj. Reference

Indicstes that a very close approximation of the snginc-

cooling-alr flow in altitudes operation mey be obfa"nud

from a cold calibretion by bssing ¢ on the cdensity of

the cooling alr just dovnstream of the englne.

&

- Tne combined lesiage thirough the exhaust-
stack shrouds and the pressure-tox ssams {or the callbra-
tion condition is presented as s function of the angins
front preossure and the engline pressure dren in figure 25.
At a baffle pressure drop of ¢ inches of water, the leak-
aze flow 1s about 6000 pounds per hour or asproximately
15 rercent of the cooling-sair flow through the engine.
Attention 1s called to the fact that these data are of
a strictly quelitativs nature ss the sexternsl suriace
pressures, thse oll-cooler flow, and the chsrge-sir flow
for the flight conditions ware not duplicatsed; the esctual .
leakage flow would probahly be g“s'te“ for the high-
speed condltion end less for the climb and crulsing con-
ditions, '

3
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The leaksge through the cowl seaws downstream of the
engine (with respect to the cooling-2ir f1w~‘ gnd chﬁ

the gao batween the cowling and the firevall {figs. )
and 17) for the flush-flen salibruation condition is shﬁwn
:n fisure 26 as a function of the engine rsar oressura. |
plthouch thase data are &lso of a gualitative nature, they
indicate thet thﬁ lealkage was a largs “erﬁeptou of the
exit flow for th° high-epeed 1light o sndition. The
clezrance gap batween the cowl and the sninner was found
to be the source of a large amount of acditional leakage.
fenerator end blast tubs.- AN alr-flow callhration
oI the generator 1s Tresentéﬁ tn figurs 27. The pres-
sure drou acress the generator is shown to e a2 more
importart variable than the votational apeed in deterwining
the cocling-air flow; the bullt-in fan aposars to be rela-
tively ineffective at lerge flow guantities. 4t the rated
engine spaeld. of 3150 rom & pressure dron of naporoximately
Z2.% inches of water was sufficient to supply the 75 cubdblc
feet nf cooling air per rinute gneeified by the engins
marufactursar. Eavy.snaciflca.’ons (raferenca 5), lowever,
are not bzzed on the nresgsure dran but stis »ulats thet the

=

rem 8t the sererator flangs shell be at least 6 inches
of water in {light at the best climb snead at sea levsel,

Az The acceasory o mﬂqrtment proszurs is below atnospheric

nregsure in the climb condition this requirement is con-
servative.

A pressure-irop callibration of the generstor blest
tube is ovresented zs flgure 28, ILerge incrsases 1n the
pressure losses occurred when sitlier the tube length or
the band angle ware inereasad, At the air {low reculred

for gaensrstor cooling (75 cublic faet osr minute) the
1653 throvgzh & tyolcal snstallatlon with a 56.5-inch

blost tube nmavinz a totsl pend angle of 270° would be
batween 7 and S lnchss of water. This large logs could
moot eanily be reduced in the rresert ‘nstallstlon DY
using & larger diameter blest tubz.

TUVIEL TESTS

x..uq.

The initial nortion of the tunnel te sting consigtad

of proveller-removed pressure and arag qtu*',s at a
tannel spead ~f about lDC miles ner hour cdirscted iomard
the devslopment of & cowling with alequate cooling npres
sure drup and low ArFg. Pwoﬂgl]u_ -instulled tests of tne
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hast covl arrangement were then conducted to determine
the cooling charzcteristics of the several engine-barfle
configurstions and those of the oil-cooler (reference 1),
end tre sveilable cooling pressurs over the range of
flight econditions., Several final configuretions wsre
checed at the end of the test program.

11ght conditions ussd as
allsd tests were as follows;

v,

Tha estimated sec-lavel 1
a basis far the oropellier-insta

Flight Horse=- Bnginoal f T a
eomdition power | {rom)| (deg) {deg) I{ £t/sec)
Higk smeed:
Hormnl rower 500 %150 22 (0,057 -1.3 274
¥Wilitary nower | 550 2300 oo | J062) -1.6] 282

Haxirmum-endursnce-
sruise at 3C.6
nerzent normal

nowar 15% 1820 | 24.5 .15, 11.2) 132

|

"linb: [
Normal power 500 2150 117.5 | .26 1 7.5) 1E8
vilitery power | ©50 2200 | 16,5 | .28 i 7.5 159

The climd and maximuam-sndurance-crulse conditiondg were
vproximately duplicated in the tunnel at the proper

VirspeedJ rilitqry sower could not be quite attained

in most caces bocausae of logsses in manifold preasure

occasionad by the bhurge—air maasuring venturl installed

the carburetor 2uct (reference 1), The high-speed

cond! tion was siwulxtaa at a tunnel speed of 100 miles

er hour by duplicating the flig hf value of V o/ 1D
with the ‘1ight vlade angle of 220

]

TUNT T*'L T qT RESULTS

The results of the tunnel tests are opresented in
sections which deal with cowl development, internal
flow, required exit area, dreg, and surface prossures.
The types of dats presented for each model conflgura-
tion along with the configurztion identifications are
listed in table I.
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Wodificetions to Installsation

Prealinminary oropellier-removad prsssure surveys
indicated that the avallable pressure drops across the
engine, oil cooler, end generator of ths originel con-
figurstion (Ia) would bs elther wargiznal or insufiiciant
for cooling in the. normal-power =linb condition. Testing
of this configuration was discorntinued immediately and
a series of modificatlons to the cowllng wero investigated.

Engirie_and oll-cooler ducts.- L swrmary nf compera-
tive datas pertinent to the development of the engine and
oll-cooler ducts is presentsd ir table V. The zvallable
engines and oil-cooler pressurc c¢rons at o = 7.5 eand
with propeller removed were incresasec O.21q9 and O.Bbqo,
respectively, by subetltuting the fleoved exits for the
shatter sxits, (Compeare resalts for configurations Ie
and ITa.) For the normal-power climb condition, reroving
the exhaust-stack shrouds (confizurstions IVa and VD)
increased the englue and oil-cocler oressure drogs by
0.08q, and 0.09q,, by reducling leaksge and removing
obstrtctions from the pressure box, but also increased
the cooling-air =nd carburetor-asir tempsreturss 0y u® F.
tor ths sare test conditiorn, rewoving the vanes from
the englne-cooling-alr exits and ssaling the accessory-
compartment exit gap (configuretions TVo &nd TVe)
denressed ths engine [rassurs fron by only O.tho but
inecressed ths mccessory-comnarirent tempersture LY 159
Ths flapned, exits, *lhie erxhaust-stack surouds, snd the
unsealed accessory-compartment exit goo were somponents
of the seriss IT and seriles LII configuratlons tested
most extansively and for which coollng adequasy wacs
established. {See reference 1l.)

Gensrator blast tubs.- Jenerator cooling-vressure
Gata for four blast-tubs inlet lozations are surmarized

in table VI. The highest prassure recovery for tha
slimb-st-ncrmal-powar sondition, 0.5, = 3.3 inches

of water, was obtained with the blsst-tube inlet located
at the rear wall of the pressure box above the carburetor
duct. The pressure drop for this configuretion, i inches
of watar, is shown by figure 28 to be wore than sufficlent
to furnish the 75 cuble feet of cooling alr per minute
specified bty the englne wmanufocturer.
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TInternal Flow

sonduct=ad in tlie
ns, considered to
vail a¥la cocling
ral flignat and

)

Extensive pressure survejs ver
serles IT and seriss IIT °on?;gurat
te most nromising, to determine the
pressures &and the effects of the sev
model varlables on the Internal flow

Pressure distributions.- Pressurss messured torough-
out besic configuration I7a are presented In figurs 29
for the h*gh sreed and clirb attitudes mith ﬂrqgel¢ﬂr
removed., ‘These data Indiceats excellent flow into the
cowling with vprsssure recoverles In the inlet and at ths
end of the diffuser (bencath c¢vlinders OR and 6T) nesrly
equal to 1.0q,. Fecoverles at the front of the cylinder
barrels varied between 9.91q, and Ow99q3; btut corre-
sponcing rressures it the front of trhe cylinder heads
were mucn lower due 1n nart to flow obs tr ctiocns »rs-
sented by the ignition harress (fig. 3). Pressures
msasured betwsen the fins of the c;li“ae“ resds {used
as the frort pressures in the ueter“inat on f the
cylindsr pressnure drons) were approxinstely =23ual to
those measured in frort of ths Lszads. chovarfps at
the face of the cll coolar were about 0.95q, and 0.76q,
for the high-speed and climb attitudes, regpsctively,

Tyoicel propaller-overating precsures (fig., 30) chow
substantizl increzses in rem ovaer thoce obtsined in ths
vrongller-rewoved testz. At the inlet, ftotsl pressures
rezached maximam values of E,ESQC and 2.3%q, in ths high-
spaed and olivb conditions, respectively. 'me ocour-
rence of fhese peay preasures ir the lower and right
parts of the inlet are indicative of increased lcocading
of the propeller-blade sectinns In front of these reglons
due, in the former cese, to the increased proneller
radius and more effective airfril section end, in the
lattar case, to the nitched attitude of the or;acll

Prassure recocveriss at the left-bsexk cylinders and 1n
the 1=ft side of the pressurs box were higher than
corresvonding pressures in ths right kalfl of the cowling
bacause ol slipstream rotstion. Pressurs clstributions
st the rear of the engine, at the oll-conler face, and
at the carburstor deck were asarly uniform,

o

th both nornal .end

Trhe rem in the carburetor du w1
In I 21, These data,

alternste inlets is stown

2]

Ty
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taken in the maximum-endurance condition, indizate that
the flow at the carburetor dsck was uniform with elthar
*nlaet configuration; the aversage ral with the zlterriie
irlet, however, W&as anproxinately 1.24, below that with

tre nornal inlet.

oy 1inder pressure &and nressurs-drop distributions
for model corfigurations with the thrsc Lynes of baffles
are shown in figures 32 end %% for the proneller-removed
ard propeller-operating conditions, respectively. The
front vressures varied by as wuch &8 0.5a, betwsen
jndividval cylinders; but, as nreviously noted, fthe reaw
pressures were neerly uniforwm. The lowest front pressures
and concequently the smallest pressurse drons wers con-
sistently measured at the forward cylinders of aach Dbank,
Substituting the NACA designed Aiffuser balfles for the
turbulent-flow baffles on the laft-bank cylindsrs increased
the pressurc drop across these aylinders and caused sub-
stantial reductions in ocutvosard berrel temperatures (ref-
erence 1), but at the seme tims renged small reductions
in the pressure Jrops &oross the right cylinders.

Average Cuct pressures.- rressure Geta obtained in

P
the flight-simulation tests ars
f

surmarized in tabls VIT.
The ram pressurs in the inlet for the iI and IIlseries
confignretions avereged 1.30gq, in the nermal-power hipgh-

speed condition and Z.ILqQ ini the normzl-powsr climb
condition. Pams at the carburcior deck for these flight
sorditiong end configurstions (1.3044 end 2.0lgq,, respec-
tively) correspond to elrplane critiecal gltitucdes of

2900 feet and 20N0 Teet based on the engine oritical
aititude of C0D0 feet. Tt should bs noted that the
engins charge-alr flow was not sinulated exactly for the
wign-gpeed condition as this elr {low is not sroportional
to T.. For the normwal-powsr climb condition (configura-
tlops TTe and TiTa), ststic pressures in the engine and
oil~cocler conling-asir exits wers gbout -O.tho and -O.quo;
corres-onding engine and oll-cooler pressure Crons
averaged l.0hig, and 1086qo and were sufficient to cool
the engine and the oll below the specifled temperature
1imits. Prescurs dropg for the series TV configurations
w'th the mixed baflles wers 5f the same order and were
1ikewise sdequate for cooling in this critical flight
condition. Tt is noted that the messured thrust coef-
£icisnbs for tha ~limb condition tests were consistently
lsss ab wilitsry power than 2% norral power possibly
becauss of efficlency lossss Ilncurred by the Rkigh lsch



1k - MPR No. I5T12b

numher ond high loading of the propeller tips or by the
decrease.in V /nD, increasing the gear ratic or modiliving

the vrove ller wlbht result in overell increases fn alr- .
plane Perfox.anhe at military power.

The average prosoures in bhe engine and oll-coolzsr
Aducts ars ;resented in figures 5 end 35 as functions of
Vs/ end ¢ for the propé1¢“r~rewoved tests and asg a
ftnpt¢on of T, Tfor the propsller-installed tests.
Variatlions of the exit total pressure zre omlitted from
thie figures as thess pressures were very neerly equal to
ana onxllcted with the presertaticn of the rear pras-
gsuras. Some of the prear pressures, in turn, have besn
oritted from the central port onsof the figures for the
sake of clarity. Propeller-remcved data are used as the
end points of the curves in waich T, 1s the indepsndent
veriable because the wodel with provaller installed was
ot tested &t this cowdition. '

Tnlet total pressures for the propelisr-renoved con-
dition were nearly unity over the complete Vy/Y  —and
a ranges tested. Propeller onersztion increassd thiese
pressures to a much grester extent than would bs expected
frcym consideration of the simple momsntun theory (from
which the inlet pressure rise would be %Tc). Analysis
of the pronelier-opersating ccnditions indicates that this
result was attributable to the increased loading of the .
proneller cuff sections caused by raduction of the
effsctive V,/nD 1in the low veloeity fleld in front of
the inlet.

Fresaure lossss between the inlet end the front cf
either the ensine or oil-zocler (fizs. 3L and 35)
increascd ﬁﬂprecicbiv batween the lL ting propeller~
removed test inlet veloecity ratios of 0.4 and 0.7 end
wers essentisaslly independent of zngle of attack, pro-

eller renoved. Attention 1s called to the fact that
fhe slores of the curves of front, resr, and exit psres-
sures versus T, are influencsd by the changes in Vi/V,
which accomneny increases in T, #&s these curves are
presentsd for constant outlet cdnfigurations.

'C'2

Stetic pressuraes st the reor of the e2ngins or oll
cooler and in the cowl exits generally desreased with
inersases In a, ©propeller removed., With propsller
iretalled, the exit static pressure lneressed with T
with undeflected exit flaps but decreesed with T,
~with fully extended flaps.

[e]
'
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The prassure losses she:d of ths engine and oil
cooler are shown irn figure 36 as & furnctlion of inlet-
velocity ratio. The continmiity of the curves for tine
propeller-rerovaed and prodeller-installed conditions
indicates that losses cesusad ty misalinerent of the
inlet with *the incoming flow were small for the propeller-
installed conditicn. ‘fhs greator losses with the
turbulent-flow baffles than with the corventional bafiles
were probably caused by the obstructinong to the flow in
the vee presented by the inboerd perts of the turbulent-
flew bafflas. fThe magrnitude of the losses =zt the bhighsr
inlet-velocity ratios emphasizs the need for large inlets
for installations of this engins in low-speed aircrafti,
Tosses ahead of the 01l cooler could be reduced by using

larger ducts.

Ducting efficiency.- The ducting efficlency cf the
cowling expressed &s the relationghlns of the iressurs

drop across the hest exchanger (#ZP) Lo trie nressure

drop across the cowling (H: - E,.) is shown In figure 37
for ranges of englne and oll-cooler nressure Cdron. {on-
figurations Te, TIa, and ITIc with ths conventinsnal haiflles
had maximuan engine/duct pressure-drop ratlos of about 0.35
compared to 0.78 for corfiguration IIIs with the turbulent-
flow baffles, The maximum oil-cooler-duct presgure-drop
ratio was spproximately 0.95.

outlet effectiveness.- The statlc prescurs derrsssions
in the cowl exlts caused by opsning the flaps and shutters
are shown in figure 23. Opsalng the englns and oll-
cooler flapns reduced tre sxit ztatic pressures by saspproxi-
mately C.57g,. and 0.65@0, resoectively. The adventage

of u3zirg a f?appmiexit 1s shown by comparisons of the
flapped~exit and shutter-exlit curves; at the maximunm
shutter-exit arsas the static nrsssures in the flepped
engine end oil-zooler exits wlth the asme areas wers
0.26q  end 0.213, 1lsss than the correzponding nressures
in th8 shutter eXits. The increased sffectivensss of
the flapned exits is further indicatzsd (fig. 39) by th
larger inlet-velocity restlo for any glven outlet sarea.
The rapid increase in inlet-velocity ratio with T, 1s
noted in thie flgure.

Charts for Predicting Exit Areas

Te facilitate application of ths pressure dats,
engine and oll-cocler pressure drops are presented in

figures L0 and L1 as functions of A,, «, and T,.
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A1l available oroveller-installed data were plotted |
the right portion of the flguras regardless of angle of
atteck &s this variastion was obviously of second-order
importance; the lines chown were faired throvg :h the
7.5 points and would be shifted up ovr down by
changss in  a, but would not bs hhaqged appregiubly in

slore. The exit srsas and {lap angles 1 quired for englne
and o1l cooling in the steady flight canditions of this
airnlane may be estimated Irom These I ° fol-

igures by the
lowing rethod as indicsted on figure LO:

= N
1. Tocate the value of QL reguired for cooling at
1o

the T for the fiight condition in the right-hand por-
(8] [ee " b

Le at T, =0 by

tion of the figure and deterwiue

o)
const”uctiﬂg a straignht lins through this point oerallﬁl
to the two fest lines or through this polnt and th

interssctions of thess lines.

- . . AP o
z. Locate the above-obtalned velus (a— for T, = 0)
o h ”
at ths flight angle of attaclk end dstsrmine %; for
a = 7.5° by constructing a lins through th's po nt
parallel to adjacent test lines.
: . o AP £ —_ =0 e e
3, From the value of for a = 7.9 resd the

Qs

flap angle and exlt arza from th urves in the 1left

portion of the flgure. £s indlcated on the charts,

allowance nmust be made for loss flaz effectiveness
caused DY def‘ t*on of flens ahead of or behind the

outlet urnder st deration.

Estinmates of the required flap ansles and exit
arcas bHased on the cooling- ?Pquirewenb pradictions
sresented in efarence 1 &re shown in table VIIT,

Tt 18 noted that with the auto-rich wixturs setting,
flep deflections of £9 or 1ase will be puffisient io
cocl the engins cylinders with &f ther tyoe of tafiling
In the hiuh—szee , climb, and crulse crnditions; opening

the flaps will produce sufflcient addiiic niel pressurs
drop to cool thp conventlionally basffled engine witl: the
auto-lsan mixturs The negativa englne-ccoling-alr
axit arcas shown ¢or the maxirum-endurasnce-crulsea con-
dition indicate that lealrags through the cowl joint

will bs mors then sdeguoate to ccol ths engine &t tnls
low powsr. '
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Drag
mrag studies besed on force and pressure msasure-
ments were conducted throughout the lnvestigatlion to
aseist in the developwent of an optimum engine installa-

tion.,

Force measurerents.- & suwraary of the sropeller-removed
force data, table TX, shows that substantlal raductlons
in drag for the high-speed attitude may be realized by
minor modiflestiasng to the installation. (¥Figures illus-
trating the teet conditions of the model are listed in
the taH$ ) rith the exhaust staclk shrouds sealed drag

coefficient increments chargeable to tie 1ns .allation of
he 1nividual and ma“1F01Q9d gxhaust stacks vith hori-
zontal Clame damners were 2.0021 and O.vulv respectively,
compared to 0.0007, 72.003L, snd 0.0003% for the manifolded
stecks with vertical flame dsmpsrd, the manifolded short
stacks, and the manifolded Slust stacks. Lealkage from
the extsrnal preasure-box ani nowl jolnts and from the
accessory-compartﬂrht axit gap at the cowl-firewall
juncture increased the drag cosfficient by 2.0005.
Removing the HAS A def*”ned fairing strip from the
accessory-compartrant exit zap (fig. 17) increased the
dri_ coefficlsnt by 0.000f thereby indlesting the

Ffectiveness of this falring 1n reducing end directing
tn@ accessory-compartment flo* Qubsylfuf*ht the flap
exits for the shutter exits decreased the drog coelfi-
clent by 0.0007 in the fully closed conditlon wlthout
decraasing the pressure drons zcross the snglne or oll
enoler: this dragz incrawent is astiributsed 1n nart to
the =nre offective sesls sround the edies of the flaps
and in pnart to ths ellirination of the reos qeﬁ surface
at the shutters.

“rom the preceding Ltems it appsars that an over-

all rmductton in drag coefficlient of sooroximately 0.0033
can be obtained in the hlgh-soeed cond:tion Hy: substi-
tutinb the short exheust stuch" for the individuel stacks,

aling all 2xternal cowl jolnts excent that at the fire-
wall, installing the fairing strip in the ascessory-
compartment sxit, dnd substituting ths flapoed exits for
the shutter cxlts. his reduction in drsg cosfficient
eorrrasvonds to an incredse In high sneed cf § miles psr
hour at sea level; rsductions at angles of attask of

1 o .
7= and 37 corresnord resnectively to =n indreasas

4¢‘

in the rete of =1limb of apornzimetely z!i feet per winute
and an increase in maximum range, according to Dienl's
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range formula, of about 7 percent. As indiczated by the
calibration results, slzeable adcditional drag rsductions
can orobably be obtained by sealing the front bulkhecad

of the cowl to eliminate the large amount of leakage from
the clearence bstween the splnner and the cowl.

¥1th the flush flagpned exits, the short sxhaust
stacks, all sezls removed, and the firewsll fairing strip
removed, the over-all drag cosfficlent incresusnts above
the sealed and falred condition were 0.0022, 0.0029, smd
0.0025 for conflgurations IIc, TTIa, snd IVa with the
conventionsl, turbulent-flow, and mixed baffles, respec-
tively. *ith oven flaps corresnonding over-alil incre-
ments were N.00&63, 0.02073, and 0.0071. Since the avail-
able engine oressure drops for the three baffle configura-
tions were of the we order, the salection of the baffles
for this sirplane sFﬂuld be based exclusively on cooling
considerations.

Tntsrna} drag.- Intsrnal ccoling dreg caafficlents
(fig. 2) were computed from the total nrass
-throuah the cowling and the wsight flow of co:
by the follo wwnt sXursssion rearranged frow o
sented in referénces 6@

EA o -0 oL T

- i ]O 21 i Ee) ( _"Yi i :-y_ 1
Gy, = 1 -\/1 - SENL

- 'i gqas \. qO ( F_; - ;‘_\F“'Tt

The giffzrences in over-sll »ressure logsss for the three
baflle conflgurations were counterbalanced to such an
extent by nhano=s in the internal flow that only one lins
could bs .cirbd through ths calculated points. At the

high-spe=d conditiorn, T, = 0.057, the intsrnal drag

coefficients for the zngine znd oil-cooler ducts were

0.0021 and 0.0202, respectively, Sorrssponding internal

drag coefficlents at the climb-conditior, T, = 2.26,

were 00,0112 and 2.0031. Tt is LL-Vrcstnqg to note thet
the sum of the calculated ilaternal drag coefiiclients

for the closed-flup condition (T.002%) was of the 3ams
order 2s the pronellsr-removad differences Iin drag cosf-

ficient betwsen the comnlets installatlons and the

sealed snd faired bazic shana,
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Compsrisons of the messured and =zglculated drag
increvents caussd DY ogpning the Azits to increass the
coholinc-air pressurs dropg ars. preser in f%gure 5

=
o

-
)
oot
53 w
b]

u~
v
\
ot O
i
fa‘,

Tne calculated 1nterngl grag coeslffich s warc sowowhat
hicher than the teasured over-all incvaments nartly
bzcause of the dencreass 1n leskaze wirich tool place 83
th: internegl stetic prassurss dszrarSud vith ircreagss

in the internsl flow. For a Li& increscse In pragsure
dron, the increase in 4dreg ¢ ffﬂu¢eﬂ' 528 nearly the
same for exits ejulovped with shat;ers or flans,

Surface "ressures

Sarfacs pressures were meesured at the rignt <ide
and at the inlet of the cowling primarlly to obtain dats
on the sir loads and on the static preszsures at tine coﬁYing-
air exits. Extranslations »f the pressures to high ¥ach
nminbers wers mede by use of the von Firmean POlthQDShl}
given in reference 7.

Preasures measursd along the ri
and fairsd cowling ere prpsenfed in SUT e ﬁu. e
statlis nressure at the englns-ccoling~air ex’L was less
than the fres-stream statl, &*G“SW;S whereas at the o01l1-
conler air exit, it was egual to or sl*¥VtJ“ greater thaan
this prezsurs. Chancing the angloe of sttack from -1.5°
to 11.27 coused little changs in the pressuras at ths
exite. 1toving the wing 2C inches forwarGg to sonform
with a deslgn change mijb sudceciient to construction of
the model would cause only smell changes In the static
precssures et the sxits apd con S”“vn11w would rot affect
the annlicetien of ths ftast results.

it slds oI the ssaled

’—;.
:

Surfece preasure 4l
with propeller remowed ar
critical Vach mumbers corresy

presented in figurs L6, Peak erative pressures on the
lips deacrsssed with incresgses in hoth 'nlet-voTozth
ratio and angle of attaoe. Press :

reached a waximur of -1.05q, at & = -L.5% with

Vi,V = 0.LE but were only -0.tlg, for the high-sdeed
attitude, a = -1.5°, V3/v, = C.54. @88 HTessurcs
correspond to critical ”aﬂh mimbers of 0.57 and 2,70
and ecritical smeeds in sea-lsvel standard alr of k2

and 5%3 wiles per hour, respnactively Quch high indlcseted
eritical speeds show that the cowl ]ip shane (table ITI)

might be eynlied sucecessfully to a highe-speed alrplare.
& .

strioputions st the cawl inlet
re shown as flgure 45; indicated
anL to these datq are

-t

are noaks on sszxtieon 8-0
¢

ol
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The effects of propeller operation ane
cressares at the zov 1 plpt for the clos Gition
are shown in flguare L7. - Positlive pressure ﬁeafs ;ncreased
with T, and also moved toward the ri ent sice ne al
nlane. ‘Tegutive ﬁrnq"ure pealks on the right sa: t
sides of the inlet decreesed with lncreasses in T
because of the vHressure riss through the rironell
maiply becanse of the attendsnt incresass in Vg /¥
cowparisen in figzures LS5(c) and 07 of the oTees;
criticazl section 2-0 {for the high-spesd Inl
ratio of 0.5L) shows that ﬁ%O“CIYV. o:;:;t_u_
ragult In nresssurs changes large seroush to alt:
critical Yach rumber as Drellct sd from the »Hrov
ronoved tests.

SUVVAPY OF REESUTIS

The wore lmportant results of the investigaliocn 2ie

quWWFrTzed 53 follews:

1. Avallahle pressure 4rons acroas the englius and
ooler of orizinal cowl conflgurstion Ta were lnsaf-
nt for adeguste coecling in the normel-nover climb
Final cowl zonfigurations o the TI, 111,

R kamuver, ﬁo;szss“d awnle engine and oll-
cooler pressurs drozns (about 1.5g. and 1.,q,) for cocling
in this ceritical fi3 ht condition with fanu‘of ths thras
haffla GOEIi&GT&t»OI% tested thsrsin,

[ Pl

2, The flep-Tlush exit zrea was snificlisrt to cool
the enzine in tha high-aresd condition in any configura-
tion t°q+ed leazage alone woula furnish szdeuate cooling
in the maxis m—;ﬂﬂur»n g-crulse condgition.

3. The rams at the carourstor decl of tue seriss IIT
configurations wsre 1l.35q, and 2.0 9, {or the normel-
nowe P,J*”h speed, &nc o+i corndition 1w

1

ions, rasdectlv e:;;
tical slitltudes of the QLPGI ine 1r
2oout 9900 feet and 2000 feet “ased
itical esltitude of ©lDC fest,

correspondlng cv
stendard sir arse
on the <sngire cr

li. Tre flanned axits produced highsr oressurs Arons
and hed lover drags st &d 1 pressure crops than the
shmiter exits,
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5. In the normal-power climb condition (flaps oven)

(a) PRemoving the exhaust-stack shrouds Insroas
the engline and ﬂil cooWeP ocressure drops oy C. Juq
ano Q. OQH , resasctively, but inereassd both the
charze-al? and cooling-gir temperatures Dy 89 F,

(b) €ealing the accessory-compartment exit gan
at the firawsll incrsased the accsssory-comoartment
termeraturs by 15° F.

{c) ”emov ing the venes from the engine~cooling-

BiTr QXltu cnuged 1little, if aay,

in ensine »nrezsure drop.

S, A vam of %.3% Inches of water at the generctor
blast-tube flange waa asttalne i in the climb-gt-nornal-
power condition ty locating th last~-tube inlst st the
resr of the nmrascurs box above fm@ carbureter duct.
AL‘%leh this ram wes less than the Navy requlirement,
the pressure dror across the geunera tor farnished air
flow in sxcesz of ihut spscified by the engine wenufsc-
turer.

7. b3 indlcated by grouvnd-ste nd calibrations, leakage
from tre external cowl joi ts in bthe high-speed flight
coniition would be & largzs rerssrtsge of the enzins
conling-alr flow. '

8. At @ =-1.5°, a propsller-removed drag-coefficizant
tnerement of 0.0011 was caused oy 1gakege through the
pressure-nox joints, the cowl joints, nd the cowl-firewall
clesrance. This incroment was raduvcel to 0.000% by an
,ACA desicred falring strlp whioh blocked psart of the

flow ard dlrected ths remalndsr mors nesarly parallel to

JA
the fusslape.

9, At a = -1.5 and with the exbaust-stack shrouds
sealed, the drag coefficients for exisust stacks with
,indiv1duﬂl snid manlfolued horizontal-fishtell-type flame
demnars were 0.0021 and 0.0015 cowpared to O. 000l for
manifolded short stacks and 0.300( for wanifolded stacks
enuipned with vertical-fishtall-tyoe {lame dampers.

10. ¥inor model modifications indicated by the drag
tegta would result at sea level in spproximate increases
of 5 miles per hour in high speed, 3], feet ner mirute 1In

ate of climb, and 7 persent in maxloum range.
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11, The over-all dreg coefflclent wag essentlally
inderendent of baffle configuration.

12, Tn the ovopeller-removed condition at a = -1.55
the drag coefficients for configurstions ITe, TIIe, and
TVa with closed flaps, short exhaust stacks, arnd no seals
ware 0.C022 to 0.0029 greeter than that for the sealsd
and felvred “asic shapa. These increments were of the
samg nrder as those for the calculsted internal dregs.

v}

¢,

1%. Measured thrust cosfficzisnts Tor the climb
condition tests were conslstently less at mllitary power
than at rormsl power possibly bacause of propeller tivp
losses or the decresss in V,/nD. Increeses 1n the pro-
pellsr gear ratlo or modiflcations to the propeller might
result in over-all increases in sirplane performance at
milltary vower.

1. For the high-spesd conditiorn, the indlcated
eritical ¥ash numbar of the irstallation as determined
by ths regstive peak nressure on the lower 1lp oF the

inlet was D.79,

Langlev Memoriel heronautical Taboratory
National Advisory Committee for Aercnantics
Langley Field, Va,
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TABLE I.- KEY TO MODEL CONFIGURATION AND DATA PRESENTED

L-562

Distinotive engine and aDaj:a
Conflg-|Sym- cowling components installed presented

uration|bol i
Substituted components PressurejForce

T Conventional baffles
) Shutter exits
8 Exhaust stacks with horizontal flame cm—- X
dampers and shrouds
Original oll=cooler ducts

N Exhaust stacks with vertical flame
dampers and shrouds

Modified oll-cooler-axit duct X X

Modifled ollecooler-exit duct with
vane omitted

° O Modified oil-cooler-exlit duct, vanes X X
installed in oll-cooler-inlet duct

II Conventional baffles
u Flapped exits

Exhaust stacks with vertical flame X, ¥ X, Y
dampers and shrouds

Vaned oll-cooler-inlet duct

b Flush exhsust stacks with shrouds —-———— X
¢ FAN Short exhaust stacks with shrouds Y Y

I7I Turbulent flow baffles

Flapped exits
& X chort exhaust stacks with shrouds X, ¥ X, Y

Vened oilecooler-inlet duct

Iv Turbulent flow baffles onright bank mixed
NACA-designed baffles on left bank baffles|
a | O |Flapped exits Y | X, ¥
Short exhaust stacks with shrouds
Vaned oil-cooler-inlet duct

b + o Short exhsust stacks without shrouds Y

Individual stacks with horirzontal ————
flame dampers and shrouds

d Exhsust stacks with vertical flame

dampers and without shrouds T X

Short exhsust stacks without shrouds
e v Flapped sngine-cooling-alr exits Y Y
without vanes

ax Propsller removed.
Y Propeller installed.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- SUMMARY OF DUCT AREAS.

(Measured perpendicular to flow)

Area
Item (sq rt)
Cowl inlet 1.480
Carburetor-duct inlet 0.222
Carburetor deck .219
O1l-cooler-duct inlet 357
Oil-cooler face .51k
0il-cooler-duct exit:
(a) Original shutter exit (configurations la, Ib)
shutter cloged . 006
ghutter open 253
(b) Modified shutter exit (configurationsIc, Ia, Ie)
shutter cloaed .019
shutter open .200
(c) Flapped exit (configurations II, III, IV)
flap closed 050
flap open 4lo
Engine-cooling air exits:
(a) Shutter exits (configuration I)
shutters cloged B Tele)
shutters open - 1.420
(b) Flapped exits (configurationsg II, I1II, 1IV)
flaps closed NATIONAL ADVISORY 44O
flaps open COMMITTEE FOR AERONAUTICS 1. 690

-



L-562

MR No. L5I1Z2b

TABLE III.- ORIFICE LOCATIONS AND COWL
CONTOURS AT INLET.

Sectilon A-A Section B-B
T __&e_fu’m)__l
22.92 18.43 X Y
_ 16.21 16.82 1.89  =0.17
/ \ /T t 13.82 15.97 .zg -%
11.9 15.05 . -.
_ L j 7.72 12.88 .17 -.31
{ * 24 6.02 11.94 .01 -.0l
p ) l L.38 10.79 11 -.26
_ 2.94 9.49 .34 .63
Qti/ ) 1.68 7.87 1.04  1.38
.76 6.12 1.76 2.03
B B .20 g%g Eil 2.62
0 2. 2 .59
c—~ 0 17 6.32 igu
° 14 -%'212; 7'16 ujﬁ
. -3. 12.41 .
‘ ol .55 -5~ 77 16.54 259
1.69 -7.51
: - 2.96 -9.09 Section C-C
Section A-A b e -10.38 % T
6.13 -11.40 1.63 =0.15
=Y +Y 7.49 -12.35 .63 -.39
| 11.2?L —‘ia.z;i (1)2 -%3
13.2 -1k, . -.
9/3I /—9.26 1%.53 -15.65 .02 .08
LU /A 22.21 _ -17.15 .33 54
X X .69 .85
8 B-B 1.0 1.10
Right ? Left (right stde) i" B 130
Sidle side x| ¥ 1.92 1.55
| 1.82 0.07 2.35 1.75
+y — ——ty .93 -.21 3.26 2.08
I8 R llwtg —-gg 5.51 2.58
) - . 2.
Sectlon B-B .01 -.Oi 11 62 323
.08 3 15.88 4.12
X .30 .78 19.40 W L2
.65 .
! 2674 | 2.47 2.89 Note: ALl
ensions i
¢ Thrust ! 52 z?é inches,  Each
| ) ‘7'99 5‘30 coordinate locates
Section GC +y 11:8‘5 2 i a pressure tube,
15.76 6.78

4OR i
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MR No. L5I12D
TABLE IV.- PRESSURE TUBE INSTRUMENTATION
Number Type of Reference
Location of pressure tube figures
tubes and table
cowl inlet 19 shielded total 3(a), 19, 29 }
9 static Do.
6 surface orifice Do,
preasure box (in plane of
rumber 6 eylinders) 28 total 3(a), 29
engine vee (in front of
barrels and heads) 2/ -do= 3(b), 6(B), 29
between head fins 1 ~do- 5, 29
behind barrel baffles 14 total facing baffle 5, 6, 29
engine-cooling=-air exits 18 shielded total 16(e), 29
12 total 29
38 statie 16(c), 29
6 surface orifice Do,
generator=blast tube flange 1 total 21
carburetor-duct inlet 12 -do- 3(b), 14, 29
3 static Do.
6 surface orifice Do.
carburetor screen 16 total Do.
oil ecooler:
duct inlet 15 -do- 3(v), 29
3 statie Do.
6 surface orifice Do.
front face 16 total 11, 29
rear face 8 open end facling rear Do.
duct exit 9 total 16(c), 29
3 static Do.
6 surface orifice Do.
inlet 1ips 71 -do- table III, 45
right flank of cowl 3 ~do=- A

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE TX .- SUMMARY OF PRCPELLER-REMOVED DRAG DATA.

(Meagured at a Reynolds number of 5.3 x 106 baged on the mean aerodynamic chord)

a
AcCp
Succegsive modifications to model Config- |Illus- >
uration |trative [a = -1.5° a=73 la = 7.5° a = 11.2°
figures | (High- {climb (Max. endur-]
apeed attitude) lance orulse
attitude) attitude)
Model dompletely gealed and falred (conventional )
baffles on cylinderg) - 2(a) PR ———— —— ——-
Inlet opened and seals removed from engine- 32-)
cocling-air exits (shutter type) - 16{a) 0.0008 0.0009 {0.0010 0.0011
Seals removed from oil-cooler exit (shutter
type} - 16(a) .0000 . 0000 .0001 .0002
Exhauat stacks with horizontal flame dempers
ingtalled Ia 8(a) .0015 .0009 .0007 .0005
Exhaust astacke wlth vertical flame dampers
1ngtalled Iy 8(v) -.0008 -.0003 |-.0002 0000
Seals between exhaust stacks and shrouds removed - 9 »0002 .0001 .0000 .0000
Seals removed from external pressure-box jolints - 8(a) .0001 .0001 .0000 .0000
Senls removed from external cowl joints except
at spinner, flrewall, and edgesof ghutters - 2(a) .0002 .0001 .0001 .0001
Seal between cowl and firewall removed - 16(b), 17| .0002 .0002 .0001 .0001
Fairing strip removed from firewall clearance - 17 . 0006 .0006 | .0005 _.0ooh
Cll-cooler-exit shutter opened (Seals
removed from edges) - 15 . 000k .oook .0005 Nelool'y
Modifled oll-cooler-exit duct installed
with shutter open Ie 12 ~,000% -.0003| ~.0004 -, 0004
Vane removed from oll-cooler-exit duct, vanes
installed in oil-cooler-inlet duct, geals
removed from edges of englne—air snutters,
oil-cooier shutter close Ie 2, 1 . 000k .0002 .000L .0001
All anutters opened Ie 15 .0017 .0018 .0016 L0014
Flapped e x1ts inastalled {flaps cloged) IIa 16(b) -.0007 -.0006 [-.0003 -.0003
All flaps opened Ila 16(cf .0046 L0046 . 0045 0045
Flush exhaust stacks 1lnstalled, flaps celcased IIn 7 -.000% -. 0004 -.0003 -.0003
Model restored to orlginal condition, turbulent- 2(a), 5,
flow baffles installed on cylindera -— 3 —_—— — ——— -—
Inlet opened, all seals removed except at
spinner and exhaust stacks, firewall fairing
strip removed -— 9, 17 .0083 .0019 .0019 .0021
Short exhaust stacke installed, shroud geals
removed I1Ya 8(s) . 0006 .0006 .0006 .0006
IAll flaps opened IIlal  16(c) . 00kl .oou2 .0039 .0039
NACA-designed diffuger baffles installed on left T
bank cylinders, exhaust-stack ehrouds sealed, ﬁ(d},
flape cloged Ve 10 -.0006 -.0004 [-.0004 | -.0004
IAH flape opened IVa 16(c) .00Us6 .00y .0043 L0043
Mocked-up individual astacks with horizontal 8
flame dampers installed, flapa closed IVe (a) .0017 .0017 .0017 .0015
Exhaust stacks with vertical flame dampers
tngtalled Iva 7, 8(b) | -.0014 -.001% [-.0015 -.0013

8 Non-lndented valueg are the drag coefficient increments between successlve non-indented model conditlions.
Indented valueg are based on the respective preceding model conditlons.
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(c) Front view; propeller installed,

Figure 2.~ Concluded,
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As tested in configurations IVa and IVc.

(a)

Engine and inlet duct.

Figure 3.-
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§

(2) Conventional baffles (installed on outboard side of cylinder only).

Figure 6,- Baffle installations.






L-562

Turbulent-flow baffles, inboard view.

Figure 8,- Continued.
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Manifolded vertical- flame -
damping exhaust stacks

Manifolded horizontai-flame -
domping exhaust stacks

Manifolded f t Manifolded
short exhaust stacks flush exhaust stacks

A A NATIONAL ADVISORY

Individual exhaust stacks with  COMMITTEE FGR AERONAUTICS
horizontol flame dampers ’

FIGURE 7 — EXHAUST STACK CONFIGURATIONS
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L-562

NACA NACA
LMal 3924 LMAL 39123

(a) Mild-steel stacks.

NACA
LMAL 39432

(b) Stainless-steel stacks; flame dampers stiffened with beads and
braced by cross struts.

Figure 10.- Views of vertical flame dampers which failed during testing.






L-562

Figure 11.-

LMAL 38121

View of rear face of oil cooler.
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Vane installation
rnores: Spacing
uniform across
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curvalure in
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Figure 13.- Oil-cooler-iniet duct
showing vanes ard
generofor—b/osf-fube
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Shutter exits

(Configuration 1a)

— . p—

Flap exits

NATIONAL ADVISORY

(Configuration I c) COMMITIEE FUR AERONAUTICS

FIGURE 15.- COOLING-AIR-EXIT CONFIGURATIONS
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